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(54) METHOD FOR PRODUCTION OF CERAMIC PRODUCT AND CERAMIC PRODUCT 



(57) The desired characteristics of a mouthpiece 
body 2 to be produced are first grasped, a porous ce- 
ramic material having the first characteristic and an 
acrylic resin having the second characteristic are pre- 
pared, the acrylic resin is infiltrated and solidified in the 



ceramic material, and at least one of the first character- 
istic, the second characteristic and the infiltration ratio 
is controlled to produce the mouthpiece body 2. In the 
method, a ceramic product having satisfactory charac- 
teristics for some applications are surely produced. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method for production of a ceramic product, and to a ceramic product. The 
invention is favorable to musical instruments, building materials, etc., and to a method for producing them. 

BACKGROUND ART 

[0002] Heretofore, for example, known is a method of applying a synthetic resin to a machinable ceramic material 
followed by finishing the resulting, resin-dipped ceramic material into musical instruments having a desired form (Jap- 
anese Patent Laid-Open No. 181787/1990). 

[0003] Compared with other conventional instruments made of wood, the instruments produced according to the 
method have the advantage of good durability intrinsic to the ceramic material and the synthetic resin constituting them 
and have good sound characteristics necessary to musical instruments not absorbing water and impervious to air. In 
addition, not using natural wood, the method for production is favorable for the protection of the environment. 

DISCLOSURE OF THE INVENTION 

[0004] Naturally, however, the ceramic product to be produced must have various characteristics necessary for their 
applications. Nevertheless, in the conventional method for production of a ceramic product mentioned above, musical 
instruments are merely produced with no consideration given to the necessary characteristics except the durability, 
the absence of water absorption and the air imperviousness. 

[0005] Specifically, in the conventional method for production, nothing is taken into consideration relating to the 
applications of the ceramic product to be produced as to what characteristics are needed by the ceramic product and 
how the ceramic product is to be constituted so as to have the necessary characteristics. Therefore, in the conventional 
method for production, the ceramic product produced could have the necessary appearance and function to some 
degree, but are as yet not clarified as to whetherornotthey have surely satisfactory characteristics fortheir applications. 
[0006] The present invention has been made in consideration of the current situation in the art mentioned above, 
and its object is to ensure the production of a ceramic product having satisfactory characteristics for predetermined 
applications. 

[0007] The method for production of a ceramic product of the invention is characterized in that the desired charac- 
teristics of the ceramic product to be produced therein are first grasped, a porous ceramic material having the first 
characteristic and a fluid having the second characteristic are then prepared, the fluid is at least infiltrated into the 
ceramic material, and at least one of the first characteristic, the second characteristic and the infiltration ratio are 
controlled to produce the ceramic product. 

[0008] In the method for production of the invention, the desired characteristics of the ceramic product to be produced 
are first grasped in accordance with the use of the ceramic product. 

[0009] For example, in case where the ceramic product to be produced is a sounding medium for percussion instru- 
ments such as xylophones, marimbas, clappers, castanets, percussion blocks (such as those in Buddhist temples), 
etc., its necessary characteristics will be high density, high hardness and small internal friction (Q- 1 ). 
[0010] In case where the ceramic product to be produced is a sound plate for stringed instruments such as pianos, 
violins, guitars, biwas (four-stringed Japanese lutes), kotos (Japanese harps), etc., its density will have to be within a 
specific range, and, in addition, its specific elastic modulus will have to be high and its sound attenuation factor will 
have to be low. 

[0011] In case where the ceramic product to be produced is a resonator pipe for woodwinds such as clarinets, re- 
corders (English flutes), shakuhachies (five-holed vertical bamboo flutes), etc., its sound attenuation factor will have 
to be within a specific range, and its elastic modulus (Young's modulus) will have to be within a specific range and will 
have to be anisotropic. 

[0012] Inaddition, the instruments mentioned above will have to be further discussed for their other characteristics 
including vibration characteristics, sound radiation characteristics, vibration transmission characteristics, etc. Moreo- 
ver, in case where they require machining In producing them, they must have good machinability fortheir mechanical 
characteristics. Accordingly, the sound characteristics and the mechanical characteristics of the ceramic product for 
such instruments are first grasped. 

[0013] Regarding the vibration characteristics of instruments for percussion sounds, the beaten surface of the in- 
struments will be readily deformed, in case where the instruments are made of a material having a longer contact time 
with a beating medium applied thereto, they could hardly produce sound components up to the high-frequency level, 
and their sounds will be mild as consisting essentially of low-frequency components. 
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[0014] The sound radiation characteristics of instruments are definitely reflected by the sounds that are produced 
by a rod sample of the same material as that of the instruments forcedly vibrated to give a flat frequency vibration 
sound (white noise). The sounds produced under such forced vibration give a sound spectrum to reflect the sound 
radiation characteristics of the instruments. The level of the sound pressure from instruments made of a hard material 

s greatly fluctuates at around the resonance point; but that from Instruments made of a soft material fluctuates only a 
little. This is because the internal friction of Instruments made of a hard material falls between 1/10 and 1/30 of that of 
instruments made of a soft material. In addition, instruments made of a hard material have a higher sound transmission 
efficiency (degree of sound transmission) to give vibration sounds up to a high-frequency level, with the increase in 
their resonance point peak. Accordingly, it is understood that instruments made of a soft material have a filter effect 

10 capable of relatively strengthening low-frequency components to thereby depress high-frequency components that are 
offensive to human ears. In case where a ceramic material of uniform crystal orientation is used in producing instruments 
and where the internal friction of the material to be caused by the strain deformation thereof in the crystal orientation 
direction in the instruments is enlarged for high-frequency components, the filter effect of the instruments will be re- 
markable under free sound attenuation condition, and will characterize the mildness of the sounds produced by the 

15 instruments. The difference between the internal friction to be caused by bending strain and that to be caused by 
shearing strain will also give a sound spectrum. 

[0015] Vibration will be more readily transmitted from a material having a smaller intrinsic sound resistance (sound 
impedance) (Ep) 1/2 , and a material having a larger specific Young's modulus (elastic modulus/specific gravity) ensures 
higher sound transmission and higher vibration response. Instruments made of a soft material have a low density and 

20 a low elastic modulus, and their sound resistance is low. However, in case where the soft material for instruments is 
a ceramic material of uniform crystal orientation, the specific Young's modulus in the crystal orientation direction of the 
instruments will be on the same level as that of instruments made of a hard material. Accordingly, the instruments 
made of such a soft ceramic material will be readily vibrated and their response to vibration change is good. The internal 
friction of instruments made of a soft material is large relative to the specific Young's modulus thereof. Therefore, the 

25 frequency characteristics of instruments made of a soft material are flat, compared with those of instruments made of 
a hard material. Accordingly, instruments made of a soft material are characterized in that each sound produced by 
them is rapidly attenuated and does not overlap with any others, and they will be therefore suitable to sound plates. 
[0016] More concretely, in case where the ceramic product to be produced is for a mouthpiece body of a clarinet 
integrated with a resonator plate for a reed made of reed (plant), it must have sound characteristics including elastic 

30 modulus, internal friction, etc., and must have mechanical characteristics including machinability, etc. Therefore, for 
such a mouthpiece body, the sound characteristics and mechanical characteristics of the ceramic product to be pro- 
duced are first grasped. 

[0017] In case where the ceramic product to be produced is for building materials or for constitutive members for 
machines, etc., such building materials and constitutive members must have mechanical characteristics including ten- 

35 sile strength, bending strength, elastic modulus, machinability, etc. Therefore, for such building materials and consti- 
tutive members, the mechanical characteristics of the ceramic product to be produced are first grasped. 
[001 8] With that, a ceramic material and a fluid are prepared. The ceramic material is porous, and its first characteristic 
must be grasped. For the ceramic material, for example, employable is . a machinable, sintered ceramic substance 
described in Japanese Patent Publication No. 21632/1992. The first characteristic of the ceramic material includes, 

40 for example, the apparent porosity, the mean pore radius and the machinability thereof. On the other hand, liquid and 
gaseous materials can be used for the fluid. The liquid material includes resin and rubber. The resin may be any of 
thermosetting resins or thermoplastic resins. In case where the fluid is a thermosetting resin selected from acrylic 
resins, unsaturated polyesters, epoxy resins, ABS, etc., its second characteristic is, for example, the elastic modulus 
of the thermosetting resin. 

45 [0019] Next, the fluid is at least infiltrated into the ceramic material, and at least one of the first characteristic, the 
second characteristic and the infiltration ratio is controlled to produce the.intended ceramic product. In case where the 
infiltration ratio is controlled, pores filled with air can be left in the ceramic product produced. In that case, therefore, 
the ceramic product produced shall have a composite structure composed of the ceramic material, the liquid such as 
a thermosetting resin or the solid from it, and air, and can realize the desired characteristics in a more preferred manner. 

50 in case where a thermosetting resin is used, it is infiltrated into the ceramic material and then cured therein to give a 
ceramic product. For the infiltration method to be employed herein, the parameters including the degree of reduced 
pressure or increased pressure, the processing time and the processing temperature may be suitably determined. 
[0020] The ceramic product thus obtained is composed of the porous ceramic material having the first characteristic 
and the fluid having the second characteristic and having been infiltrated into the ceramic material or the solid from 

55 the fluid, and has the desired third characteristic attained by controlling at least one of the first characteristic, the second 
characteristic and the infiltration ratio. After the process, the ceramic product may be optionally post-processed for 
surface treatment including painting and polishing for further improving or modifying its design, quality, safety and feel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

5 Fig. 1 relates to one embodiment of the Invention, showing cross-sectional views of a ceramic materia! with an 

acrylic resin being infiltrated and solidified therein. 

Fig. 2 relates to the embodiment of the invention, showing cross-sectional views of a mouthpiece body produced 
by machining the resin-infiltrated ceramic material. 

Fig. 3 relates to the embodiment of the invention, showing cross-sectional views of the mouthpiece produced by 
10 fitting a reed and other members to the mouthpiece body. 

Fig. 4 relates to the embodiment of the invention, showing the front view of a clarinet. 

Fig. 5 relates to evaluation 1, showing a graph that indicates the elastic modulus and the internal friction of the 
mouthpiece bodies of Examples 1 and 2 and Comparative Example 1 . 

Fig. 6 relates to evaluation 2, showing correlation diagrams of the input vibration and the output vibration into and 
* s from the mouthpieces of Example 2 and Comparative Examples 2 to 5. 

Fig. 7 relates to evaluation 4, showing a graph that indicates the specific Young's modulus and the internal friction 
of the mouthpiece bodies of Example 2, and Comparative Examples 1 to 4 and 6 to 8. 

Fig. 8 relates to evaluation 6, showing a graph that indicates the relationship of the mouthpieces of Example 2 and 
Comparative Example 2 between the breath pressure and the relative sound pressure in a high-pitched sound 
20 range. 

Fig. 9 relates to evaluation 6, showing a graph that indicates the relationship of the mouthpieces of Example 2 and 
Comparative Example 2 between the breath pressure and the relative sound pressure in a low-pitched sound range. 

BEST MODES OF CARRYING OUT THE INVENTION 

25 

[0022] One embodiment of the invention is described herein under with reference to the drawings attached hereto. 
[0023] In this embodiment, produced is a ceramic product for a mouthpiece body for a clarinet. The vibration char- 
acteristics of the mouthpiece body will have an influence on the free vibration of the reed fitted to the body. When the 
reed is vibrated, it is opened and closed while being supported by its support, and gives periodic vibration to the 
30 mouthpiece body. With that, the mouthpiece body thus being vibrated further vibrates the reed, whereby the free vi- 
bration of the reed is combined with the sub-vibration having a different phase, thereby having an influence on the pure 
vibration of the reed that serves as a sound source to produce a sound tone. 

[0024] Accordingly, in case where the mouthpiece body is expected to produce a sound comparable to that to be 
produced by conventional ones made of a ebonite material or even a granadilla material, it is desired that the mouth- 

35 piece body has an elastic modulus (Young's modulus (E)) falling between 1 0 and 1 00 (GPa) and an internal friction (in 
terms of its natu ral logarithm, iogQ- 1 ) of at most 1 x 1 0-3 for its sound characteristics. This is because, in the mouthpiece 
body having a larger elastic modulus, the support to which the reed is fitted could be more tough, and such a tough 
support could be worked more accurately and is hardly deformed. In addition, the mouthpiece body having a larger 
degree of internal friction could attenuate its vibration more rapidly, and will therefore more hardly transmit its vibration 

40 to the reed. 

[0025] From the results of the experiments made by the present inventors, it is believed that the mouthpiece body 
preferably has a specific Young's modulus (elastic modulus (E)/specific gravity (p)) of at least 10 (GPa) and a degree 
of internal friction (in terms of its natural logarithm) of at least 1 x 10" 3 . More preferably, the specific Young's modulus 
of the mouthpiece body wili be at least 15 (GPa) and the internal friction thereof (in terms of its natural logarithm) will 
45 be at least 2 x 10~ 3 . 

[0026] Then, a ceramic material and a fluid are prepared. The ceramic material prepared herein is a machinable, 
sintered ceramic rod described in Japanese Patent Publication No. 21 632/1 992. For its first characteristic, the ceramic 
material has a degree of porosity of 36 %, an elastic modulus of 27.9 (GPa), and a degree of internal friction (in terms 
of its natural logarithm) of 4.60 x 1 0 -4 . 
so [0027] The details including the degree of porosity and other parameters of high-density and low-density ceramic 
materials of the same type are given in Table 1 below. 
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[0028] The details of the mach inability of high-densrty and low-density ceramic materials of the same type are given 
in Table 2 below. 
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[0029] On the other hand, soft and hard acrylic resins are prepared for the fluid. For their second characteristic, the 
soft acrylic resin has an elastic modulus of 0.05 (GPa), and the hard acrylic resin has an elastic modulus of 3 (GPa). 
[0030] Next, the soft or hard acrylic resin is infiltrated into the ceramic material. In this step, the infiltration ratio of 
the resin is 100 % to the pores of the ceramic material. The ceramic material infiltrated with the hard acrylic resin is 
s Example 1 ; and that infiltrated with the soft acrylic resin is Example 2. Next, the acrylic resin in each ceramic material 
is cured. The ceramic material 1 with the cured resin therein Is shown in Fig. 1 , (A) and (B). 

[0031] The resin-infiltrated ceramic material 1 is then machined into a ceramic product, mouthpiece body 2 shown 
in Fig. 2, (A) and (B). The mouthpiece body 2 is composed of the porous ceramic material having the first characteristic 
and the acrylic resin having the second characteristic and having been infiltrated and cured in the ceramic material. 
10 Next, this is optionally post-processed for surface treatment including painting. 

[0032] The mouthpiece body 2 is fitted with a reed 4 made of reed (plant) by a fitting member 3, and with a cork 5 
at its end, as in Fig. 3, (A) and (B). Thus is completed a mouthpiece 6. With that, the mouthpiece 6 is fitted into an 
ordinary ABS or wood member to complete a clarinet, as in Fig. 4. 

« (Evaluation 1) 

[0033] A mouthpiece body is produced from a ceramic material alone for Comparative Example 1 . The mouthpiece 
bodies of Examples 1 and 2 and Comparative Example 1 were compared with respect to their elastic modulus and 
internal friction. The results are shown in Fig. 5. 
20 [0034] From Fig. 5, it is understood that the mouthpiece bodies of Examples 1 and 2 have the desired characteristics. 
Playing the clarinet having the mouthpiece body of these Examples, the players satisfied the sound tone from it. 

(Evaluation 2) 

*5 [0035] Mouthpieces were produced from ebonite (this Is Comparative Example 2), brass (Comparative Example 3), 
ebony (Comparative Example 4), and glass (Comparative Examples). The mouthpieces of Example 2 and Comparative 
Examples 2 to 5 were evaluated for their vibration characteristics. To the reed of each mouthpiece, applied was an 
input vibration from an oscillator for 2 msec, as in Fig. 6, and the output vibration was detected by the receiver fitted 
to the end of each mouthpiece. The profile of the output vibration from each mouthpiece is shown in Fig. 6. The response 

30 to vibration and the vibration attenuation in each mouthpiece are given in Table 3. 



Table 3 





Response to Vibration 


Vibration Attenuation 


Comparative Example 2 


slow 


high 


Comparative Example 3 


relatively rapid 


low 


Comparative Example 4 


rapid 


high (but fluctuated) 


Comparative Example 5 


rapid 


low 


Example 2 


rapid 


high 



[0036] From Fig. 6 and Table 3, it is understood that the mouthpieces of Comparative Examples 3 and 5, which are 
made of a rigid material, brass (a type of metal) or glass, rapidly respond to vibration as their rising vibration is large, 
45 but their vibration attenuation is low as the vibration therein continues for a long period of time. 

[0037] On the other hand, it is understood therefrom that the mouthpiece of Comparative Example 2, which is made 
of a non-rigid material, ebonite, slowly responds to vibration as its rising vibration is small, and its vibration attenuation 
is high as the vibration therein does not continue for a long period of time, 

[0038] As opposed to these, it is understood that the mouthpiece of Example 2 rapidly responds to vibration as its 
50 rising vibration is large, and its vibration attenuation is high as the vibration therein does not continue for a long period 
of time. In this respect, the mouthpiece of Example 2 is similar to that of Comparative Example 4 made of ebony. 
However, it is to be noted that the mouthpiece of Example 2 differs from that of Comparative Example 4 in that the 
former gives a stable sound tone with no fluctuation of vibration attenuation therein. 

55 (Evaluation 3) 

[0039] The mouthpiece bodies of Example 2 and Comparative Example 1 were compared with respect to their water 
absorption (%), specific gravity, elastic modulus (GPa), thermal conductivity (W/mk) and linear thermal expansion 
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coefficient (cm/°C) from room temperature to 100°C. The results are given in Table 4. 

Table 4 





Comparative Examplel 1 


Example 2 


Water Absorption (%) 


15.3 


0.37 


Specific Gravity 


1.92 


2.09 


Elastic Modulus (GPa) 


31.6 


41.2 


Thermal Conductivity (W/mk) 


1.05 


1.26 


Linear Thermal Expansion Coefficient (cm/ 0 C) 


7.75 X 10" 6 


13> X 10" 6 



[0040] From Table 4, It is understood that the water absorption of the mouthpiece body of Example 2 is much lower 
15 than that of the mouthpiece body of Comparative Example 1 . Accordingly, it is understood that the mouthpiece body 
of Example 2 is free from the problem with saliva that causes sound fluctuation. 

(Evaluation 4) 

2Q [0041 J The mouthpiece bodies of Example 2 and Comparative Examples 2 to 4 were compared with respect to their 
specific gravity, Young's modulus (GPa) and internal friction (in terms of its natural logarithm). The results are given in 
Table 5. 



Table 5 





Specific Gravity 


Young's Modulus 


Internal Friction logQ -1 


Comparative Example 2 


1.1 


4.4 


1 x 10' 1 


Comparative Example 3 


8.5 


98 


1 x 10- 5 


Comparative Example 4 


1.26 


26.9 


4.5 X 10- 3 


Example 2 


2.09 


41.2 | 


2.7 X 10" 3 



[0042] Materials of ABS resin, acrylic resin and aluminium were prepared. Mouthpiece bodies were produced from 
these, ABS resin, acrylic resin and aluminium for Comparative Examples 6 to 8. The mouthpiece bodies of Example 
35 2, Comparative Examples 1 to 4 and 6 to 8 were compared with respect to their specific Young's modulus and internal 
friction. The results are given in Table 6 and Fig, 7. 



Table 6 





Specific Young's Modulus E/p 


Internal Friction logQ' 1 


Comparative Example 1 


16.5 


7.0 x 10- 4 


Comparative Example 2 


3.8 


1.0 X 10-2 


Comparative Example 3 


11.5 


8.5X10" 5 


Comparative Example 4 


21.4 


4.5 X 10- 3 


Comparative Example 6 


4.6 


7.2 X 10-3 


Comparative Example 7 


6.1 


6.5 X 10-3 


Comparative Example 8 


26.1 


2.2 X 10-4 


Example 2 


19.7 


2.7 x 10 3 



[0043] From Table 5, Table 6 and Fig. 7, it is understood that the mouthpiece body of Example 2 is similar to that of 
Comparative Example 4 made of ebony. 

55 

(Evaluation 5) 

[0044] The mouthpiece body of Comparative Example 2 was compared with that of Example 2 with respect to their 
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strain (p,m) in MD (machine direction) and CD (cross direction). The results are given in Table 7. 



Table 7 





Strain in MD (u.m) 


Strain in CD (ujti) 


Comparative Example 2 


0 


75 


Example 2 


0 


0 



[0045] From Table 7, it is understood that the strain in CD of the mouthpiece body of Comparative Example 2 is large 
but the mouthpiece body of Example 2 has no strain in both directions. 

[0046] Fitting members No. 1 of Plates #1 to #3 and fitting members No. 2 were prepared. With any of the fitting 
members, a reed was fitted to the mouthpiece bodies of Comparative Example 2 and Example 2 to produce mouth- 
pieces. These were compared with respect to their strain in MD and CD. The results are given in Table 8. 



Table 8 







Strain in MD (um) 


Strain in CD (u/n) 


Comparative Example 2 


Fitting Member No. 1 


Plate #1 


250 


-100 






Plate #2 


150 


-30 






Plate #3 


100 


-50 




Fitting Member No. 2 


400 


-70 


Example 2 


Fitting Member No. 1 


Plate #1 


20 


-10 






Plate #2 


0 


0 






Plate #3 


0 


0 




Fitting Member No. 2 


30 


-10 



[0047] From Table 8, it is understood that the strain in MD and CD of the mouthpiece of Example 2 is much smaller 
than that of the mouthpiece of Comparative Example 2. 

(Evaluation 6) 

[0048] The mouthpieces of Example 2 and Comparative Example 2 were tested to measure the sound pressure (dB) 
relative to the breath pressure (kPa) applied thereto. The data in a high-pitched sound range are shown in Fig. 8; and 
those in a low-pitched sound range are shown in Fig. 9. 

[0049] From Fig. 8 and Fig. 9, it is understood that the mouthpiece of Example 2 ensures a broader dynamic sound 
range than that of Comparative Example 2. 

[0050] From the above-mentioned evaluation tests, it is understood that the mouthpiece of Example 2 produces 
excellent sound tones. 

[0051] Accordingly, it is understood that the mouthpiece body 2 for clarinets produced according to the embodiment 
of the method for production of the invention ensures really satisfactory characteristics for its use. 
[0052] Needless-to-say, the invention is applicable not only to musical instruments but also to building materials and 
constitutive members for machines, etc. . 

INDUSTRIAL APPLICABILITY 

[0053] Accordingly, a ceramic product having really satisfactory characteristics for their use are obtained according 
to the method for production of the invention. 



Claims 

1. A method for production of a ceramic product, which is characterized in that the desired characteristics of the 
ceramic product to be produced therein are first grasped, a porous ceramic material having the first characteristic 
and a fluid having the second characteristic are then prepared, the fluid is at least infiltrated into the ceramic 
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material, and at least one of the first characteristic, the second characteristic and the infiltration ratio are controlled 
to produce the ceramic product. 

2. The method for production of a ceramic product as claimed in claim 1 , wherein the fluid is a liquid. 

5 

3. The method for production of a ceramic product as claimed in claim 2, wherein the liquid is a resin. 

4. The method for production of a ceramic product as claimed in claim 3, wherein the resin is a thermosetting resin, 
and the thermosetting resin is infiltrated into a ceramic material and then cured therein to produce the ceramic 

10 product. 

5. The method for production of a ceramic product as claimed in claim 1 , 2, 3 or 4, wherein the infiltration ratio is 
controlled. 

*5 6. The method for production of a ceramic product as claimed in claim 5, wherein the desired characteristics are 
sound characteristics. 



20 



25 



30 



35 



40 



45 



50 



55 



7. The method for production of a ceramic product as claimed in claim 5, wherein the desired characteristics are 
mechanical characteristics. 

8. A ceramic product which comprises a porous ceramic material having a first characteristic and a fluid or a solid 
from it having a second characteristic and at least having been infiltrated into the ceramic material, and which has 
desired characteristics attained by controlling at least one of the first characteristic, the second characteristic and 
the infiitration ratio. 
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Fig. 4 



Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 



Fig. 9 
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